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(57) Abstract 

A method of transforming a mono- 
cotyledon which, as coit^iared with the con- 
ventional methods, is shortened in the pe- 
riod from the transformation to the regener- 
ation of a plant body, can generally be ap- 
plied to a plant for which a means for re- 
generating a plant body from the protoplast 
is not established as yet, and can dispense 
with special apparatus, and for which nec- 
essary materials are readily available. The 
method comprises transforming a scutellum of 
a non-dediffcrentiated immature embryo of a 
monocotyledon with an agrobacterium. 




(57) mm 



AM T/wy::iT DK f 1^-^—9 LI y e "r >- Vzl PT ^A^h^/l^ 

AT ;^hyr EE ai;:^h:iiT LK ^^y^V:^; RO ^ = Z 

AU r^-— ::^h^yT ES LR y -< y T RU ni^T^^ 

BB y<A-y<h':^ FI :7-fV^>'K LT y hT — T SD T^ — ^l^ 

BE ^/w:^r— FR :7^v;^ LU /i^ ^ -fe r/yw ;/ SE 7^:^ 

BP y/U':aE^-:i- . y GA ;if2Ki^ LV ^^"^^T SI ^ ° ^^^f I^,.*,^, 

EG -ff\^iS^)r GB -f^y;^ MC ^-^=3 SK ^^n r/T-i^rT^t^S 

BJ ^-t-V GE ifA^-Jr MD hV< SN -fe^^jif/^ 

BR T'^v^/l- GN =af:=^T MG -r^iST.^A^ SZ ;^?7i?^>'K 

BY -<^/^-'> GR ^yv-Y ML -^-y TD f -T— K 

CA HU ^N>';<fy- MN TG 

CG =i>'^— IT ^^y— MW -ry^^ TT hy^y— K-h^<=' 

CH JP B:*: MX UA 2^71"^ 

CM ;(7^/U-V KG ^r/^dE=x^v NL ir'7>¥ US $5,^,^,^^^ 

CN KP ««PS^Et^AS^^^@ NO //t-lJ^rc^ _ UZ ^X-<:^^^:/^^@ 

CZ KR -km^m NZ ^^r-f^^^^^ VN 

DE hV^y KZ ;&if7:^^> PL 4^— t'^'K 



wo 95/06722 PCT/JP94/01442 

1 

(Toriyaraa K. et al. , 1988; Biotech. 6:1072-1074, Shimamoto K. et al. , 
1989; Nature 338:274-276, Rhodes C. A. et al. . 1988; Science 240:204-207 
) o L;6^L5^i:*-<^>. Z©:^&Ji. 1) -fuV-f^7.Vi>^^(DmW^^%tm-iL^ 

PEGjiil. gfi^a^^-^i^n h^5X h i^^^M-g-L. P E G T ^aS-T S i: 
PEG C^^o o /c^.T^/j: 5o #A?iJ^!i^ 1^^ hn^:b-->3 >?*J: 0 (i 

U-- -> 3 >?iil^1i7^=crn1^.^^.*jt':? (Zhang W. et al. , 1988; Theor. Appl. 
Genet. 76:835-840, Datta S. K. et al. . 1990; Biotech. 8:736-740 ) o 

X'^'Zmi.^^m^K-t^l^mtm'^^tl-tz (D'Halluin K. et al. , 1992; Plant 
Cell 4:1495-1505 ) o #A $n/cst fS^O^fiiiM^^'ftW^*!'*? I ^T fc?Si^, 
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T{r h t a =J ->T {±^ ^ (Armstrong C. L. and Green C. 

E., 1985; Planta 164:207-214 ) ^W^M^^^-f- a ^ ym^i^^Ol^^mM!^^ 

(Gordon-Karam W. J. et al. , 1990; Plant Cell 2:603-618, Fromm M. E. et 
al. , 1990; Biotech. 8:833-839, Walters D. A. et al. , 1992; Plant Mol. 
Biol. 18:189-200 Vain P. et al. , 1993; Plant Cell Rep. 12:84-88) o 

Vasil 4 "7 yiz^-^-z^ u^o:>x.yy ^} -fj^ — ^j ^ ti jit^k 

'fbt-'Sb a ritl^^ (Thompson. C. J. et al. , 1987; EMBO J. 6:2519-2523 ) 

® ^ ;i/ X ct xi^^m.^W c *j ^ . # Ailfs^ o T- ^ © -^-li ;^ jft 
i^,L. t/cba ritj5^*^"#?£-r ^ C i^1^^">5>^/fTiieL^c (Vasil V. et 
al. , 1992; Biotech. 10:667-674) o 

>iSi5i:'aBM«1^1*^?#/Co ^- n ^ -> >JKl4ilfE^®# 

(D^U^m^tltz (Li L. et al. , 1993; Plant Cell Rep. 12:250-255) c 

Christoui5.(i^--° — T-'f ^'^'L' =toT-i'^>. CD T^f^iEi:^ b a ^^^y'a-^^ 
■> >jm'l4ilf5T-fccka^'GU Sj1{5^^#AL. ^' v^^ -> >^/c(i:h"T7 

^frl^J^'^X'mmLtz (Christou p. et al. , 1991; Biotech. 9:957-962) o 
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Koziel t>{i/N°-7^ ^ ^ yK^-^-C h t o n ->^*^^{lb a ritiS^i 

(Koziel M. G. et al. , 1993; Biotech. 11:194-200) o 

LTIi. 1) KirDN A0#t;j^4i^ (Topfer R. et al. , 

1989; Plant Cell 1:133-139, Ledoux L. et al. , 1974; Nature 249:17-21) > 

2) Tb^W^CD^S (Luo and Wu 1988; Plant Mol. Biol. Rep. 6:165- ) . 

3) 'j^^V-Ai* (Caboche M. 1990; Physiol. Plant. 79:173-176, Gad A. E. 
et al. , 1987; Theor.- Appl. Genet. 75:30-36 ) i)<h^t)\ ff^^li^O^^. 

^Mit#lO<?>-{rpit>n. m^^ti«l^{^ii$^L7^j:t-^i:$rLT(,^-5 (De Cleene M. 

1976; Hot. Rev. 42:389-466 ) o 
T n ^ < ^ 7^ 'j A (r J: 5 m^^Ht) © {r L T (i T X / ^° 5 X 

(Bytebier B. et al. , 1987; Proc. Natl. Acad. Sci. USA. 84:5345-5349) > 
^LTirA ( Dioscorea bulbifera ) (Schaferw, et al. , 1987; Nature 327: 
529-532) X'm.^^tiXi.^^t\ ^(Dmo^m-l-mm]. ^^?4fp5t^lc{iC®:;^ 
^^MT^'^.ii'^i ^ tlTl^^ (Potrykus I. 1990; Biotechnology 8:535-543 

) o 

Griinsley i^liT^^'n/s-^ T- U '>AcDT-DNAcD4'f^ hr^^orj^X h U-^ 
-^-YyUX (Maize streak virus) ffl D N A A L /c h * n ->^:S:,^. 

^LTl^-So h'^^nrivXhU-^ ;WX© D N A^^M L/c/cftTii C cD 
cfc -5 UmMWiktm^ ^tifl^^:^ ti^^'b. _h0tl^(i T a / < ^' -r U '5' A ;^)^- h r> 
^ o 3 D N A ^i^At- 'SCi^-^T^^.Ci ^^-r ® tM^ LT l> § 
(Grirasley et al. , 1987; Nature 325:177-179 ) o L*^L. ^ -Y ;L' x {il^y y 
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m(^^^.'^J^^MLtzt^^<mhM< (Grimsley et al. , 1988; Biotech. 6:185 
-189 ) . jS^{r(iT^'"n^<^'7^ U A©7°^X ^ K®v i r Cii&i^^ij<iii4MX'^ 
:S Z. t^^Lfz (Grimsley et al. , 1989; Mol. Gen. Genet. 217:309-316 ) o 
Gould -iii h -^^a 3 v®^:g,^jritT:i*^o{j-/c^;^:hv-r v >JStn;ttil{E 

^tGv sm^'f-^w-ofz^mwMTya^<^y^v '!7AEHA 1 ^mmL. mm 

5. —U(Dmi^TmXMi^^:^mm^tlfz (Couia J. et al. , 1991; Plant 
Physiol. 95:426-434) o Z(D Z titT ^'^ ^< ^ t- ^) ^ /^mM^titz^^,'^.-^^ >hti 

^v-r V >mtkizji^'i^^^tifzmmtizmm^^mmtmmuwmm:f)m^ 

Mooneyi^Ji. T^"a/<^-r U A^^l ^T/hS©K{C 7^7 ■> > iSJji'lijl^E 

-< -> >^!n:'l4i:S^n'g.7^>'l/X7:)-<±t5it L/c;&^ :: © t!? ^>fit^|^'(2^fflM^^iT■ 
d^. ^T®J£Jjitt7^7;bXT^AitjE^O^it^M*-^<^'^n7'c (Mooney P. A. et 
al. , 1991; Plant Cell, Tissue, Organ Culture 25:209-218 ) o 

Raineri -f OMMi^i*^ o ij- /c^. ^■k^W.-^o^T u ^< ^ 7- O 
A28 1 (pTiBo542) ^^(D ^ ^umi^mmLfz t :l H 2^ef , 5 2 
^umxmmitO^'MLO^i^M-b^^^nfZo ^^K^ T-DNA;6^^.^wl/t >'^^il 

;0^fife t> n/^^-^s ff^Kte^tti|^^t# S z <t T ^ ni: ;:)^ ^ /Co cin t> o :: ct . 
T D ^< ^ -r U A CD T - D N A tIjW ® A $ n /c i L T I ^ -5 

(Raineri et al. , 1990; Biotech. 8:33-38) o 
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T\ H^t#T^ SM:^:*-^"^$nTt^7'<j:7:)^o (Potrykus I. 1990; Biotech. 8:535 
-543) o 

Chan ^lt2, 4 - D*#TT- 2 H r^±§# L /c^ ^-**^JK{C#<»^. -f ;y~-r ^ 

(DU'^it'^-hmAMii^cD^&mf^^ntzZt^m^LXl^^ (Chan M. T. et 
al., 1993; Plant Mol. Biol. 22:491-506) o T ^-'n^N'^ t" U A 

*MS^L/c*f|tK{r«M^{r J: Oil{5^2»A^tfn£ (D'Halluin K. et 

al. , 1992 ) fefR^$nTl^^;6-<. t /cWMiJiS— -^ij® .^T-* ^; . 4-©chC5 — 

7"Il7^7;^xfeSl^^i*f4!!E^ffll^/:/^°-7" ^ ;L'7!7'">i^*-<^^ •inxi^-So 
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tybm^^tlXi.^^ (Gould J. et al. , 1991 ) o L-^^ L^M.^.^mM-t 6 

mmtn'hM^^':>fZ (SI) o 

ct. ^ LT::o:5"}&f::(i^ll14*-^'*>'9. d tlfc J;n(f±i£g6tJ^3Sj3Jc-r'S C <^:^^■ 
?*-cT^'n^<^ X 'J '^7 A^^^M-r^ iJr J; @i6T^^(liljE^^2» AT 6 
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KpTOK232 ©^ii:^i*^^-riiiT*^o 

I1I2 ii. EI 1 i|^11i{IpSBlffl«jti^^X = Kp S B 1 3 1 

mn^ ^M-r ^ /c © © ff^i^ 

> y U K i i^S^p°pmi® F 1 . F 1 n^MO*?^KT *> 5 d i L 
5 d i::ii)^"C^ -So dtl^Ofeg'g>^< i j: ARrobacterium tumef aci ens ^3^© T i 



wo 95/06722 PCT/JP94/01442 

8 

J: ^ T i -f^ X i K'+'Clin vivo T}f A^tl-S fe®T*)6o ^tz^ ^^Wl^lt^ 
Agrobacterium tumefaciens A 2 8 1 tl^v^M^WM(^. ff^Kl5^?i)^*-^Si6T 
m^^W (Hood, E. E. et al. , 1984; Biotech. 2:702-709. Hood, E. E. et al. , 

1986; J. Bacterid. 168:1283-1290 . Komari, T. et al. , 1986; J. 
Bacteriol. 166:88-94. Jin, S. et al. , 1987; J. Bacteriol. 169:4417-4425 

. Komari, T. , 1989; Plant Science 60:223-229. ATCC 3 7 3 4 9) IZ^t 
tl^T i X i KpTIBo5420C^~^ >XMJ^ (vir mW fi^^ODNAM^ 

^-J t^Ii:i tt<h^) ^m^Lfz mm^4 - 2 2 2 5 2 7-^) o 

C 0 J: -9 flX-y<-~^<^ i- U -^^ ^ -(DMt LTpTOK162 (#IpW4 - 
2 2 2 5 2 7-^) ^mf^::.t:^<X-^^o ^©^ife^H 1 ir^-To CcD7°^XS 
F it . :^J3iM ct ^ Agrobacterium tumefaciens 4^ Tit^fi^tg T pTOK 154 t 
B5^(^n-E.7"7X = K (Ti'T^X- K7^)^ n/c ©pGA472:/^ X = K<t 

pVCKlOl <tPf {fn-S^^nczS^gEfe^^^X i K;6^^^izB©:^i5feficb (9^^^^ 
/c. TM^^^ti-^-^X ^ K) !rpTiBo542©'y^ n- 
^^b^tlTC^fcJiiai 5. 2 4-a^-XOKpnlifH- (virB, virG, VirC^^js^ 
^^t;) ^M^^^/i"fe®T$>^o C®pT0K154 {rii. TM^© 2 o®:^#iB^lJ 

j{)-«ie^iJ$nTfc 0. m-7-^tg«t^{::^ALJ: 9 ii-Silf5d^*^pTiBo542 

1 ii^-rpTOKi62 ©ct^jr. i<mx-^m(DumuitL^W'^^(Dii^ m-^(D^y^ 

a-y-y ^'(D^mx iiFJrM© D N A ^ T M^I^ {c^iA-r c i ;6-iik:^t^' L 
T/il^Ci^^-^^-So c:©J:-5 C jj: Agrobacterium tumefaciens 7ifflISrt©in 

vivo 3^T-©tg|qIM^X. (Herrera-Estrella, L. et al. , 1983; EMBO J. 2:987 
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-995> Horsch, R. H. et al. , 1984; Science 223:496-498 ) ^fiJ^-T 5 C i ic 
J:^. gfi^©DN A^pTOK162 izmx-t ^ :i ti)<ojmiZti , -tfli^^. 
[f> ^-f^ pTOK162 ^ Agrobacterium tumefaciens JC#AtT:tet^T^ d®^^ 
^ b{rE)TMDNA^2¥AU/cpBR322i0flfn^^^X = K (IHjJMO^^X^ 

^mK't'i>o PTOK162 ©DN A(C{ipBR322<i:tgIWl7^j:^[5^*-5fe-g>®T:-. 
pBR322^2i#:{itglHlBE^iJ^ifhL/-ca^;i{r J; <9pTOK162 {cM^iA^ti-S >! ifCT^j: 

pBR322{ipTOK162 cb^T^j: ^) Agrobacterium tumefaciens ^'Tii^Ii^T-^ ^<£ 
®T\ COct-^'^cirlM.'^iA^n/cl^l^, (pTOK162::pBR322 ^##^^1^-5) T/jlttn 
jji Agrobacterium tumefaciens ffT-^#-^ C i /{J^T ^ ''j: I ^ LT^ pTOK162 
i:pBR322SI^1*o#^ fr#^et)'^<j:#'^ (^^ijittt^) oc^TS^■rn(^\ 
pTOK162: :pBR322 ilS4^^W-r -5 Agrobacterium tumefaciens d ttf^-^^ 

-So pTOK162 ^Wt'^S Agrobacterium tumefaciens jr#?i©7°-5X^ K 

^^ALTSf5£Lfc<t pBR322^#^*®S^-^ - :^ - i LT(i. h^>X7f> 
y>Tn7 (De Grave. H. H. et al. , 1981; Plasmid 6:235-248 ) d&^®x^ 
^ =f- J ^ yM'WAM.^ (SP) *-<MnTI<^5 C i:;i-5^IJB^L/Co t^goT. 
{::H'Ta®il^5^d-^pBR322{r^ a - v^b^nTC ^ -5^-^(1 (i. S PitfE^^^©:/ 

X $ KJCif A"^tl{f s Agrobacterium tumefaciens rt^ffilRlM^^t {' J: *9 > 
pTOK162 CDTM:^{CFJTM®it^S^^^A-r'5 C <h*-<T-^ §o ^ ^ Ofik^^-^il 
ii;. pBR322fi5S©DN A.^: S Pal^E^*^^«g5c^tl'2>:/5x ^ K^ffl^LT*5l^ 

?ij^^ffl-rn(i\ ftf^aufr, ptoki62 ±{cfct^T. ti^-^-^ i^>m-\±Mi^^tFjx 

Moil^S^^SiJ^ ©TM«^{::IS«-r-5 c i: $>"prtgT-*So ^^^^ v >iit-|4^ 

<t ^ T o ^ -T- U A MIEBM i L T !i . # (rpi ^ $ n t^j: c ^ . 
Agrobacterium tumefaciens -^-^^ L < fflC^-S CI tti'^X'^ -So 

X i Agrobacterium tumefaciens 1^© T u < -f- ' j A 
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^sfp(i^A&3^i*{:: ^ <9 ^ c ct . mz.it. mm CD ^3^.^m^'^ 

(Ditta, G. et al. , 1980; Pro. Natl. Acad. Sci. USA 77:7347-7351 ) KJ:^ 
COct -9 C LTiiM$tl'5T^-'n^<^ -r 'J AMtBsJrii, pTOK162 ^^iDO' 

mK.U. 1 0^ ~1 0 ^^m/m m;ScD*iJiaMSOT^-~n^<^-r U 
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MM^^l^tz^BMli. ^om. ^^D®:5"?* (Green, C. E. and Phillips, R. 
L. , 1975; Crop Science 15: 417-421, Duncan, D. R. et al. , 1985; Planta 
165; 322-332) Iz^iQ^^^t^ti. fl^^^W:^*jTff^Sfem«Oil^^ ±iM^^T 

l^o ff^MS^IfflflS7:J^'^>0tt^l^j*®#^(i^2^^^©:6^}i (Luppotto, E. and Lusardi, 
H.C. 1988; Maydica XXXI II : 163-177 ) J: C i^^T^ So Z.tliZj:i:)W( 

ifi^WJ {r PR^ $ n S ® T /j: I ^o 

( 1 ) mmm(Dmm 

(i) hi^^nnvOa^® 

hO^au-y^am P3732. A188. H84. B37Ht. Mol7Ht. W117Ht. Oh43> H99 > 
W64A Ht rhm ^ Fl (A188 x Black Mexican Sweet). Fl (A188 x B73Ht), Fl 
(B73Ht X A188) . F1(H84 x A188). Fl(Mol7Ht x A188) . FKC103 x A188) 

ntLxm^Ltz, P3732 itmmmmts,mm.^j: ^ A^o ^x<d^ >y'u ^ 

(:>'Black Mexican Sweet (Dt.^-rrKD^amhmnyKMm^WMMm^PJiyb^ ^X^L 

(ii) ^;t-.©Sa 

(iii) h ^ n zj '>mmm.m(Dmm 

raia-s^MMTKT- 3 mm^ l tzo l s iii{*±§i-te c l s ^^mm. l s 

i^il (Linsmaier E. and Skoog F. 1965; Physiol. Plant. 18:100-127) > 0.5 
mg ml -a^ym. 0.5 mg 1 1" U K^->>t^^ig. 1 mg l^T = >ig^±g. 100 
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mg 1 = :^ Y y -> H -^b. 100 rag, iT^-t^^' i y 700 mg 1 :/ n U > . 20 g Iv a 

2.3 g 1 y-yl/^^ h) <I«^L2 5°C. MB^TTig«L/Co |;^4 Btl. 
L/;:^!!*^^)!!*^^^^^^^*:^^^ IxO. 3mm©M^^f:)!±l L;(^f4<t 

(iv) h '^^n Z3 '>^f^KcDMM 

/Co 

(v) -r^^T^^K^iii^ 

IfTE^^ 7~ 1 2 BS(D^mM^^m^^.i:Ltz^ik. 70% J 3 0 

^p. wkM^m^-^ h u A {1 1 0 ^mmm-r s d t c j: o -/^^ u/c^, t^^^jk 

(2) T i ^ K 

^'•■p V >JKttilf5^ (HPT) . ^ y X U •> > (PPT) i£ 

tni'ttitiE^ (bar) ^ ^ZfGU SMi^J-^T i X i K®T-DNA|IJ^{r 

( i ) p I G 1 2 1 Hm : 

-< i^ymm^miii^t^i^Ltz^^xi k (^'i^r^,. 1991 ; M^^^^-r^f -^^ 

yai^-W mitit^m^l. pp. 123-132) o ^*M^^. W.E^J:OA^) o 
(ii) p T OK 2 3 2 : 

( a ) > h n > G U S ck ^ ^" o ■y' -f ■> >igin:14af^^© ^'TbI^ ^ ^ - 
PTOK229 -v©^A 

T n 7 -7^ -> >3£K14st{E^^'g-t;ClaI»fH- (2. 5kb ) ^ 

uy -Mt:: J: ::n^p uc i 9©Sma I um^nXL. 

T y h'iy U > J: X il' ^ y V ^ -> > ^J^tttitfe-? ^ ^ ^ X ^ K 
PTOK107 (5. 2kb) ^^#/Co pTOK107^EcoRl. Hind 
lllT-^gL> x^^ ^ y -7^ -> >J£5i14a:f5^^^tr 2 . 5kbSff>t^ 
pGA482©EcoRKHindIII irH" (2. 7 kb) iiil^L. X^^' 
f-y-7-r -> >Si;L'^ilf5^<!:H i n dlll . Hp a I SRti^^t: p T O K 1 7 0 



wo 95/06722 PCT/JP94/01442 

13 

(5. 2 k b) ^#/Co 
3 5 S:/nt-^-{rtv®7l7^^--tf"(D||l > h D >iGUSiti5^^jS 
^L/c^^^-pIG22 1 (Ohtaetal.. mO, ^^M^^^n^J: 

c oR l-Z:mmm^ \y y -mmiZj: lO^m^m^^tLH i n din U >7^7- 
(pCAAGCTTG ; K4 6 6 0 P) ^ifAL/Co 3 5 S^n 

^- ^ -ifS^V^-( > hn>GU S^^ismff^n indlll IZ^OW^HiL. 
3 SS-^a^-^-jrvN-r^-n-^^v V^fit/Cttit^S^ ^iS^ L p G L 2 (J. 
Paszkowski, Friedrich Miescher Institute J:'9A^) OH i n dlll fPliJr^ 
ALpGL2-IG (7. 6kb) ^t#/Co T^^fc. pGL2(ipDH5 1 
(Pietrazak et al. , 1986; Nucleic Acids Research 14: 5857-5868) (r^W ^'^ 
iy ymi/L^Mm^ (Gritz L. and Davis J. 1983; Gene 25:179-188 ) ^ 

# A Lfz^cDThZo pTOKi7o^Hpai mm Lxn^tlfzm^'^ 

pGL2-IG©Pv uIlSffH" (5. 2 k b) irii^Lp T OK 2 2 9 ( 1 0. 

1 k b) ^m=.o 

(b) X-/N°-/<-r :^ U -^^ ^-p TOK 1 6 2 -\£D#A 

,j -a::^ ^ -{r5^^0'i4Ti>"'ny<^ 7^ U A A 2 8 1 
virB. virC^vir Gitis^ A LT#/c X -^^°-v^-r U 
^-pTOK162-vog fi^itf^^ (^N-Y D -7 -< -> >3gJn:ttil{E^ s > h o 
>GUSit^5^) O^AJitgNM^X-C J: -oTtT'^.i o/Co -TfA-i^^^ 9 - 

iti^mM-f "7 7. I Kp B R 3 2 2 (cS*t--5^[5tiZ:*#oCDT\ X^^^y^-Tv 

>- >Jgin:i4ilj^^=-. > h n >GU SitiET-^-^fi'^i^^n/cT^^X ~ 
pTOK232i Pfi< (El 1 #HS) o 

fl^. HI 2 {IfcH^Ts rSPJ lt:^^9 ^ J -^-f iy >mjL]^A 

i^^. THPTJ ^-'n-^^ -> >®tn:14a:^^^. TN P T J ii^^^^ -> > 

JS^jL'liitisT-. TTCJ ii^h^-y-^^'J> mm^Mi^J-. r B A R J ii ^> X 7 
^ y X ij -> >®i;Ll4ilj5^. r I GJ iii- > b n >GU Silf^T-s TBRJ {iT 
- D N A ® ^ ^" - - Se^iJ . r B L J li T - D N A CD^Tt^ - V - mn . 
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TvirB, C, GJ ii5t^J^ttT^-nvs-^ ^ U A A 2 8 1 V i r M 

[OR I ^ itc o I E i(Dm.MMi^.^.. rcosj ii^A^^r-v^® 
c o sfuti. TKj itmmmmK p n i uiiL. thj itmmmn i n d m u 

( i i i ) PSB131 

(a) pSB131©;it|g 

pTOKlTO ^BamHI ^ J:ZJ^BgU\ T-^i)f^W3gL. pYS138i L/Co pYS138^EcoRI 
fcck?>"Asp718I T-^SffL. T4 DNA;f° U ^ ^ - -tf'Ma^. Sail U > - (5'- 
GGTCGACC-3') A blrl^ LpYSlSl^fP^ L/Co pYSlSl^SallT^lff L. d 
iiLlZ^ pGA643 (An et al. , Plant Molecular Biology Manual A3:l-19, Kluwer 
Academic, Dordrecht . 1988) © T - D N A ^#t:4. 7 kbOSall KfrH-^s^A L 
PTOK235 ^fP^L/Co pTOK235 ^SacII SPfeT^^T T4 DNA^° U ^ ^ --tr {l J: 

^•/t^^i^'fh^. Hindlll U>7^- (5'-CAAGCTTG-3') ^ifALH^L^ tt'^.ti 
fzzf^Xl K^pTOK246 t^^Lfz^ pT0K246 ^Hindlll *dJ:U^"EcoRI T^Df 
T-DN A4^0AS[5:9-®DN A^I^^L/c^, 35S -fa^-^-lZTt^xy^ 
y X U •> >T-tr^;l/ h ^ >x-7 3i^--t?jl^^^ (#^¥1-503434) ^^^^^L/cit 

(b a rilf^^. til#i(r:f^x:7 ^ yxU -> >flt'l4^#-^-^ ^ t^^'j^Wi" 6 ) 
^-3-1:2.2 kbcDHindlll-EcoRI KM-^^f A LpSB25 ^#/Co ^t^C pSB25 ^ 
Hindlll T-t:OiTL. pIG221ct 0 L /c. 35S ^ - i: > h n >GUS ^ 

-^-1:3.1 kbOHindlll SffH-^^A UpSB31 ^fP^L/Co -r'^d:^-^. pSB31 it. T 
-DN A^^^'J'^ m-WC'^m-r^^ > h n >GUS it^ET-<t ^ y X U -> 

>lfttiti5^ (bar) ^^ts^m^^ ^ --^h^o 

(b) pNBlOltIg 

pVCKlOl (Knauf et al. , Plasmid 8:45-54 . 1982) ^EcoRI (rct<3 tIIKL. 
T4 DNA^t >J y 7 - -tf TMS^r^fl^-r 6 C i {r cb o TEcoRl ^PiiL^ fe'lJI^ L /^o ^ 

(1. Bgui T:mWikmm-r^mi'f^rf'oiztz.^. Bgni §pi4;i-?^ij^T^/c® 

T\ Z07°^X^ K^pVCKlOlQi^ig L/Co pVCKlOlQ^Hindlll iXholTtJUir 
HindIII-SallT-^KL/cpUC18 il^-^ LpTOK150 ^fP^L/Co pTOK150 ^ 
Hindlll T-e]»fL. T4 DNA ^f" 'j / ^ - -tr'MS^EcoR I U > ^ - (5 '-CCGAATTCGG- 
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3') ^i^ALH^-r^ :: dric J: Hindi 1 1 fPti^EcoRI Mi^i^^L. pTOK239 
tLtZo pGA482^HpalT-©ttif L> XhoIU>;^- (5 ' -CCTCGAGG-3 ' ) ^i^ALl!^ 
UTpTOK236 ^fPfigU/Co pTOK236 ^Xbal OTcoRI T-:^PL. 2.6 kb ®f>t 
^#^L/Co PTOK239 ^EcoRI :fo J: i^'Xbal T'^^f 2.7 kb ftffH-^l^^b. 
PTOK236 ©2.7 kb Xbal-EcoRI »T>t^if A LHif LTpNBl^fp^ L/Co pNBKi, 

(c) pSBl©«|g 

pNEl^KpnlT-^Sff Ls pTiBo542 (American Type Culture Collection S:f6# 
-^37349 ) ©-y^ >xM:^®virB4o J;0"virG3(liE^^#t;15. 2 kb KpnMH- 
=^mALxmmLTpSBltLtZo pSBlJi, T^-tr^^-A;/7 ^-0— 
cnjr. T -DN A^^ii-^irBl^^ ^ -y K^^^-^fP^ 

(d) pSB31 OpSBl-\®^A 

PTOK232 (D^^trnmi^. pSB31 ^+g|^ffl^;t ck -o TpSBUr#A-r -5 C i 
J: oTpSB131^fpm L/C (|EI2#BS) „ 
( 3 ) $^T^-nz<^ -r U A 

T-DNA MJt^^'IJ^L/cffi3^. LBA4404 iEHAlOl i ^^±/<^ "J T i: LTfg^ 
L/Co LBA4404 x = K (vir M^^^^T^iff^T^o) PAL4404 ^ 

Wt" 'Sfi2^-CS> «9\ American Type Culture Col lection J: «9 A^oJt^T^) S 
(ATCC 37349)o EHAlOKi^^l^^-?- X ^ K®vir $Mii.m^mW.-\± 
T^-o/<^-r U '^AA281fi^T^)i9s Hood E. E. et al. 1986 (±?-i) *^t>A^ 

(2) IlT3ili^/-cM^ cDvsV ^ 'j -^^ ^ -^C tl 2liiS©Ti?"'a/<^ 7^ U 

T^"n/<^7" ij A{r^A-r^:5"i*(i|fflMOH2^X*l¥i* (Ditta G. et al. , 
1980; Proc. Natl. Acad. Sci. USA 77:7347-7351) (Icto/Co 
LBA4404CpTOK232) 
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LBA4404(pSB131) 
EHA101(pIG121Hiii) 

(4) T^"^'<^ y^u ^ ^mm-i^(Dm^ 

ABigitfe (Drlica K. A. and Kado C. I. 1974; Proc. Natl. Acad. Sci. USA 
71:3677-3681 ) ±T- 3 ~ 1 0 B Pb1±-§# L/c T ^"'u ^ 7=- 'J A cD n n j:.- ^ 6 

LSi^mi^m. 0.5 mg mi -cli-ym. 0.5 mg/lt^U l^'^i^yiMM^. 1 mg 
l^T = >±gmi^> 100 mg 1 ^ y -> h 1. 5 mg 1 2, 4-D. lg/1 
ij^ i 1 0 0 // MT-tr h -> U > =»' 0. 2 M v g 0. 2 M ^''Jl =i - x) 

iz^ ^-^^(DmmizitmiEAA^m (AA^^muiM.m. aat i ymRzfAA 

\=:9 I CToriyama K. and Hinata K. 1985: Plant Sci. 41:179-183 ) . 
MS'^M^M (Murashige, T. and Skoog, F. 1962; Physiol. Plant. 15:473- 
497) . 1. 0 g 1 7^7if = 100 mUT-i- h > U >=3-'>. 0. 2 M v 3 i^. 0. 2 M 

iZ^^mmL. MM^"^ 3 — 5x10^ iBflS/m 1 jri^^LfflC^ 

/Co 

(5) mm^j^v'i^m^i^ 

mm^Kmtm ^c^MT-t h^u 20 g 1^3^. 10 g'i^-;un-x^ 

#»iELSi§ilil (LS^Sitil> LS^j^»ig^. 0.5 mg ml -zi^ym. 0.5 
mg It: U K+v >±^^tg. 1 mg l^T ^ >i^^±^s 100- mg 1 = y ■> h-;b. 
0. 1 mg 1^^T^^>. 1.0 mg Iti^'l 2.3 g 1 h) (r^tfiU. 

2 5°C. Ba0^T-r-2~3 BrBl±t«L/Co 250 mg l-\ry^^^l^l.^^t: 

h^yeaa vT^fAElilOO MT-tr h U >=f >^ 20 g l-> 3^^. 10 g 
l^"jUa-x^^t:L SD 1 . 5 ( L S ^mmM. L S f5^iM±g*l. 0. 5 

mg ml -^^ym. 0.5 mg 1 1° 'J K^-> >±gi^t^^ 1 mg If-T ^ >±M^tIs 100 
mg 1 i Tf-r y -> h 1. 5 mg 1 2, 4-D. 700 mgl 7°n g 500 mg 1 
ME S. 8 g 1 m^) iZ^ML. 2 5°C. SgMTT 1 ~ 5 Bf^mmLfZo ^© 
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^250 mg, 1 -tr -7 ;i- ^ + V A^#t:L S D 1 . 5 tiJl (L S D 1 . 5 

fz . g-MS^0 *?AJK T -tr h V >J > 3 > . -> 3 ^> ^'-VU r: - X ^ ^^i^ 
T#ti- 2 N 6 @#:±tJft (N6 J; ^-^ ^ (Chu C. C. 1978 Proc. 

Syiiip. Plant Tissue Culture, Science Press Peking, pp 43-50 ) I g 1 ^if 
ljm..2 mg 1 2, 4-Ds 2 g- 1 h) (C^^tL. 2 5°C. BfUTT 

2 ~ 5 B LfZo ^ (Dm. mm^^m^250 mg l-t y ^^^^y A 

tKT-^^ -fe 7 ^ ^ 4- V A 2 N 6 gI1*±§iikT- 3 B ~ 1 ®r^t^« 

(6) GU SS'tt©!!^:^?* 

laiSi^O. 1% Triton X-100 ^^t;0. 1 M U >i^M«^^(pH6. 

8) c s» L > 3 7 °c T- 1 Ef Pb^m u u ymmmmx- t ^- □ - < ^ u a ^ ^ 

* L/cM. 1. 0 mM 5 - 7~"a t-4-^nD-3-^>KU>'b-y3-D - ^Vb^ 
n >^(X-gluc)*5 J;O^'20% ^ ^ 7 U >^»?S^» L/Co 3 7 "CT 

M-r^-^^m-cmLfz. mmmmm^h^nfzifmmmmmtm^ibti^^^ 

It^cC:^?*}^ ct «9 G U S ^fe^^f o /Co 

( 7 ) ff^Mfem^SiflS® iife i tm^M^'fb 

T^J^'n/N'^T^ U A^^^L/c h f^^rn a v^?AJ35^250 mg l-tr:7 ^ ^^-> A 
:tei:U^O -100 mg 1/^^ i:7-n-7'r V /ciiO -20 mg 1 PPT ^^t;LSDl. 

X^30 mg 1 a -7 4 '> > ^fz (iO -20 mg 1 PPT ^^t: L S Z ±^ife 

(LSDl. 5 ^;l/X±t5it±§±til;6^ii 2, 4 - D^l^^. 50 mg 1 ^fT5^ >^SD;t 
/c as5c) KWmL. 2 5 °C BS 0^TT±§« L 1: ^n-ofzo 

-< T^*?^K^ 250 mg 1 -tr 7 ;r ^ ■> A ct L>^' 50 mg l>^-r ^"a-^^ -> >^-a- 
2 N 6 El#t^±il2T 3-4 Mmmm L > Jg^^'liio ^ ;U x ^ilS L /c „ $ ^ (r . c 
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CDt&m.^t! Jl'X^lOO mg, l^^-r Vu-^-f -> >^-t-ti-N 6 - Uni^ (N 6m^^ 
m. N 6 ^ 2 g 1 ^if ^ y 1 mg 1 2 , 4 - D. 0. 5 mg 1 

6BA. 30 g, 1 VJlld'h-JU^ 20 g 1 v a 2 g 1 ¥Ji^^-( h) T 2~3 
MmmmLfz(Dt>. 50 mgl ^n-i- Va-^^ V >^^t?»j*B^ffl®N 6 S 3±§ 
ite (1 2 2ft;KN 6 ^^te^t^lll, N 6 ^j!^»«±M5^. N 6 = 1 g 1 ^ 

If^y^. 0.2 mg 1 NAA. 1 mg 1 :^-rT^^>. 3 g 1 ^^^^^ h) {r^titL 
/Co T'cifc. ±^±tfe{r(i-r^T 250 mg/1 -tr ^ ^ ^ •> A^i^ljD L /Co 

( 8 ) h * n D 4o «^ 5 # A»e^ O 

LBA4404(pSB131) ^mmLPFT MtkiZ ^ ^tifz'jfm^mmixm'^^ ^MUk 

(Hoechst, PPl^±f3^^ t-t^m^M) m^m^L2 iSPeliCPPT J£i)i 
*^2 MmE(D^mM^mML10 mg/l PPT ^^ti-LSDl. 5^ ;L^X^#i&±ti2{raj^ L 

/Co 25°c. BtMTT-3 mmi^mWiti jvxmfiZ(D^m'^mmi'PPT tm'^^m^L 

fzo LBA4404(pTOK233)^^ML^^'r ^"n -> <J; 0 # tl/cf^K^^tt 

(9) ^^'>-m^j^^mxMi^^(D^^fT 

B3ftLBA4404(pSB131) ^^^flL. PPT ^Ifejr J: <9 # n/cff^Ml5^^*^ft*5 J: 
a^7j^-ffl:ft® h t n n ->:^|&;{)M^/M^t,®:^;S (Komari et al. , 1989; Theor. 
Appl. Genet. 77 : 547-552) ir^A&l ^ D N A ^tt m L . L /c D N A fCtOPS^^ 
BamHI ^MSL. G U S jtis^fc ck D^' b a r iti^^^ ^ o - 7- i L /c-^f if" >feiC 
J;-5>^Ailf£^®*^!±l^^f o/Co T - DN Aft BamHI ^-f b^^^Lrfs-^'- 
ie^lJ®5^i!ro^T-®DN A^:^OS${iGU Ssl{5^t:1;1j2. 3kb . b a ritiS^T 
$^2. 7kb T-feS (132) o *5 "9- -!f > {i o l^ T Molecular Cloning 

(Sambrook et al. 1989; Cold Spring Harbor Laboratory Press ) iwfBtic®;:^ 

(10) h^'earj v^lIMIi^OjliET-^A 
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Gould t>cD$g# (Gould J. et al. , 1991; Plant Physiol. 95:426-434) iZJ: 

m7&o:>T V u ^< ^ A®3^EHA101(plG121Hm)^m^L/c h-^^nn 

U © T- I ^ -rn G U S aiS^ © ^> n t^j: T n ^ < 

^ T- U A^S L/cM^T (iitT»J L/cS|3^{c G U S itiE^©%ia;i)^/h^ '^j:,'^. 
1:/ttrfIi6iin/Co ^©^it^^^tt /cffiifei'f^T- G U S ygft^fl^ L/c i 









GU S + 










2 4 


9 


2 


0 


2 6 


8 


6 


0 


1 7 


1 3 


5 


0 


1 4 


1 


0 


0 


4 5 


1 4 


7 


0 


3 2 


1 4 


8 


0 


3 0 


7 


1 


0 



tti^5&M(ii.^^"tifeP3732 
(11) h '^tn a ->7fefAK^©g8M 
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7b-<f£^titz. ^fz. EHAlOl (pIG121Hin) . LBA4 4 0 4 CpTOK232) *5 J; 









iS[(%) 


A188 


1 


32 


32(100) 




A188xB73Ht 


1 


32 


32(100) 




B73HtxA188 


1 


76 


77(99) 




BMSxA188 


1 


63 


63(100) 




A188 


2 


65 


66(98) 




H84 


2 


26. 


30(84) 




B37Ht 


2 


20 


20(100) 




MolTHt 


2 


24 


25(96) 




WllTHt 


2 


1 R 

io 


io ^iUUJ 




Oh43 


2 


17 


20(85) 




not) 


9 


25 


25(100) 




W64A Ht rhm 


2 


10 


10(100) 




A188xB73Ht 


2 


34 


34(100) 




B73HtxA188 


2 


49 


49(100) 




BMSxA188 


2 


59 


59(100) 




A188 


3 


15 


16(94) 




H84xA188 


3 


20 


20(100) 




Mol7Ht X A188 


3 


8 ] 


10(80) 




C103xA188 


3 


11 


11(100) 





BMS: Black Mexican Sweet 
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l:EHA101(pIG121Hin), 2 :LBA4404(pTOK232), 3:LBA4404(pSB131) 

(12) fjigtf L/C ho^^a '>^^M^(^^m at^m) 

^^i^m. Ng f)^»±m, Ng }d'^i>m. 3%->3M. 0. 8%T^-D-X. 
2rag.l 2, 4-D) T2BH±« (l^^^b^S) L T^^l-E^ffl C ^ T C ^ -5 

(ChanM. T. et al. , 1993; Plant Mol. Biol. 22:491-506)o h^'Ea^-y^m 
^'^m^^fzm^lZ^Z(Dy^-^-fy<^$j]-C-^Z:b^^mmi-^tz^^ LSDI. 5t!Ji^ 
X^^±t±tilT-2 Bm^ML fz^9^M (nn^A 18 8) ^Um^T ^ a y< ^ V ry 

3^(iLAB4404(pSBi3i) tLfzo )(mtLxum.w.m(D^mM^mmi::.mmi:^'mL 

/Co *1?±§«3 B gCM^^Ixo*sA|5^GU S^feL/ci Z ;5s UMm^i^i^ 
mMM^m L tz T^fAK® J5 i ^ $ /c © U . mi^mWi {C T u / < ^ 

7^ U A^g^L/cT^f^KTfi^fe^^S :b®i*^< m'in/j:/)^o/c (S3) o 
ZCDZt-b^c^^ Hij±t« L/c^*^E^*tf4i L/c^-^, h ^ n v©?f^Kte^ii 

$ ti /cj: t ^ d i e T S o 
a 3 ftji&# L /c h C ^ n 3 -> T^^E-^® G U S itiE-^^ASij^ 









2 B Pb1±§« 


2 1 
2 0 


0 
1 9 



(13) h r> ^ n n iyj[m%mm^(^mm 

30 mg 1 fcJ:a'50 rag 1 i^'n-v-r v >&±#iife±TilS L. 75 mg 1 
r a V -> > ^-B-tri^itilTjgfcLttcDlSi^,^ L/c^;Ux^GUS ^fe L /c t d 5 > 
/7 ;b x^^*T- G U S itfrT-® ^li/j-^ISfe ^. n/co ® :^ ;b X /Jn|| o:^^ 
(Komari et al. 1989; Theor. Appl. Genet. 77:547-552) I ttl L /c 
DNA^^MtL. GUSjl{E^^±iipg$^'2>:/^-l'v - (5'- 
ATGTTACGTCCTGTAGAAAC-3 \ 5 ' -ATGGTGCGCCAGGAGAGTTG-3 ' ) ^ffl t ^TitM^liiSJ^: 
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CP C R) ^^ML/Co ^JZ^li. 1 m 1 CDDN A^i^i^. 5 pMO#^ CD ^ - 
(Dm-k^. 200 uM0dATP. dCTP. d G T P ct L^" d T T P . PCRMSi 
m (SSitttM) 4o=fcO"2. 5 U ©Amp 1 i t a q DNA^f^U ^ ^--tf (Sffi 
ittt^) ^ffifflUT^^^lOO ;£/ 1 TlT'^cko/Co Si^^(iTiE©)iaJS® 7 r-r 
yKI^A^oT 3 0 JfIS!^^<9iSL/c ; DNA-9--^1^^ ^ ^- 
V- -ir^X^im) "P-C- : 1 ^miZio fz^ 9 4°C. 2 ^mizt^fz ^ 5 5 fcJ; 
D^-3^rBlC^9/c<9 7 2°Co PCR^^#|^. Q.7%Tti'v-x¥Jl^±X-m.M^Wjl^ 

L/c:^^. DNAOlfiliilffH-fi^Htl^n'A^^^o LBA4 4 0 4 

(p TOK 2 3 2) J:L^'^£tn:'|4:^;^X*^t.^Stii L/cDN A^^S^t Lfz^^. 
m^M<i!jC J;^T 1 . 8 k b p ©ifiligifit^-^^^f''^ KS^^fei^frJ:^ 
t^m^n/Co ^fz. T^"~n/N-^T-U '^AOV i r Glii^rj K>^'^ti"7 9 5 b p 
®IS:^^±til"i ^ -ti- § ^ - (5'-GACGTTTATGAAGTAGGCGAGA-3' . 5'- 

TAAAAACGCGAGGAGAAGATTG-3 ' ) ^ ffl I ^ /c P C R ^ ^ Jfi L/Co LBA4404 
(pTOK 2 3 2) ^I^Mi L/c:^'^0. 8 k b p ©itipi»?jt*-^'^ai ^ 

iUfc^-^. itiIiifKTH-{i^m^nni:7!)>-^/Co c©c<^:;6^^>. JgtrL'|47f7 ;^x^^T■ 
(14) h ^ n 3 -> ^mtiikmmt(Dmm 

30-100 mg l©^^-r ^-'n ■> >t /ciiB ~20 mg 1 ®PPT ^-a" 
L/c7fesAE®ll~275o . PPT ii^T ii^D < 35-64% i)^ Jl^ ibtl 

^^tt^mizmmLfztz. ^mmTmmt(D^^it*<^'htifzo s^L/ctsi^©^ 
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(20 mg i ) ©PPT ^^t^n^^tmmtp?! ^^^tAn^w^^ti^mz^n^tim 

Ltzm<^W-^-lt^/ '7mW^^:^'r-y (GUS-) m^:b<'J^^U<. n^^tm<DPPT 

•miuiz^^mm^jj^Tbrnm^iitz ca?) o 





V N ^J^' o -Y > 










mtnltt^^l^xiic / #t|^*BEi5[ (%) 


1 


0-30- 50 




5. 22(23) 




2 


0-30- 50 




6; 22 (27) 




3 


0-30-100 




2 19(11) 






l;^T-2 ~3 










-'^^ ^ " a -7 -> > 




GU S + 














1 


64 


11 


5 




2 


15 


8 


7 




3 


20 


3 


2 
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6 PPT Mik i: mm^^iij}^ 



mm 








GU S + 


1 


364 


200(55) 


71(20) 


44(12) 


2 


121 


42(35) 


31(26) 


20(17) 


3 


68 


28(41) 


17(25) 


9(13) 


4 


44 


•28(64) 


9(20) 


6(14) 



7 |?^^L^itfe4'--vCDPPT «7&-<:^^{L»fcctD^'?f$®$£^J:i;m{r:S:{3:-rf^# 







757>'l/XtJ[(%) 


n^<m<^i^o:> G U S s 


fefe^(%) 


PPT mu 




GUS+ 




GUS- 


+ 


714 
350 


335(47) 
184(53) 


74 
40 


17 

33 


9 
27 



P?mi}Um& + : 20 rag. 1, - : 0 mg 1 
ff^Mfe^4*®^DN A^BamHl T-^OK L/cirH-{C^^ UT b a rfcck^GUSilfe 

tf-CDsiAilfe^ ®#^E^^i^^is6 ^ti/c (^8) o KpSB131©4'Tii 
b a r jfjE^^-a-trBamHl |ff>T-|i2. 7kb . G U S itfS^ *#trl^lWT>tii2. 3kb T' 
fc;5 0(i>r^ L#t|^L/r^T®ff^M$5^^*i^Ji^;^3kb Jg^^JiO^O K J6 ti o 
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bar 


GU S 




— 


— 




2 


2 


2 a 




1 


2 b 


2 


1 


Q 
O 


2 


1 


4 a 


2 


1 


4 b 


2 


1 


5 


2 


2 


6 


3 


1 


7 


2 


1 


8 


2 


2 


9 a 


1 


1 


9 b 


1 


1 


1 0 


1 


1 
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